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ABSTRACT

A7

The purpose of this program is to develop a technique for hot extruding MgO and to
determine the effect of hot extrusion on MgO with preliminary evaluations on other
oxide bodies. Approximately 50 ceramic billets have now been prepared, including
MgO billets with less than 1% porosity fabricated without additives. Hot pressing

of CeO2 was unsuccessful in graphite dies, however, results indicate that Hastalloy
B dies may prove successful In an alr atmosphere and that sostatic pressing may also
provide suitable CeO2 billets.

Three extrusions In tungsten cans have been made. Several uncanned extrusions

have been completed, however, a weighing of factors has lead to the selection of
canned extrusion as the primary technique for the remainder of this program. Further
evaluation of previous CaO extrusions showed that substantial recrystallization occurs
after extrusion, however, no further recrystallization has been observed on anneal -
Ing to 1370°C. Significant interaction of extrusion and alloying was shown by both
redistribution of the CaO rich phase in MgO - 5 w/o CaO and greater orientation

of phases in CaO - 14 w/o MgO, MgO - 1 w/o Al203, and MgO - 2 w/o NiO

than in a similar pure MgO body.
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WORK ACCOMPLISHED

BILLET FABRICATION

1.

MgO Billets

a,

1.5" Diameter Billets

- Densities of 3.53 or abovza (less than 1% porosity) have been achieved

in 6 out of 8 MgO billets without LiF as shown in Table |. The hot
pressing procedure B employed, previously developed at Boeing for
thinner specimens, Is described in the Appendix.

These specimens were fired to 1565°C per Firing Schedule A of the
Appendix, since firing ro 1315°C on this same schedule lef? Impurlites

as Indicated by variations from tanslucent white appearances, especially
in the Mallinckrodi MgO. The Mallinckrodt MgO also frequently showed
excessive blistering, while liitle or no blistering was observed with the
Fisher Electronic grade MgO.

Two billets of the same composition and fabrication parameters as

billet A and two of the same as billet 2 of Table | of the Appendix

were fabricated in graphite dies. The respective densities were
approximately 2.6 gm/cc and 2.75 gm/cc. The soecimens are for
sossible comparison with billets extruded without cans, and also to
evaluate the effects of starting billet porosity on extruded billet porosity.

Eight MgO billets were hot pressed in granhite dies from Mallinckrodt
MgO with 2% LiF ner vacuum hot pressing procedure A of the Appendix.
Their firing schedule and rasultant densities are shown in Table |I.

3.0" Diameter Billets

A seventh MgO billet of approximately 3.0" in diameter was made
tha same as billet 4 of Table | of the Appendix, except that the
hot pressing temperature was raised from 1400°C to 1900°C. This
resulted In a higher density of 3.31 gm/cc (less than 8% porosity).
Some adhesion due to reaction with the die (Granh-i-tite G)
occurred, resulting in the corners of the billet breaking off. (This
might be reduced by the use of graphite cloth on the ends of the
rams if future billets are needed.)



2. MgO Alloy Billets
a. MgO-CaO

Four MgO -~ 4 w/o CaO* billets were fabricated in graphite dies without
LiF per vacuum hot pressing Procedure B of the Appendix. Fisher MgO
was mixed with the CaO by ball milling in benzene. The CoO was
obtained from reagent Ca(OH)2 per calcining Procedure A of the
Appendix, as previously reported.

All four specimens were fired to 1565°C per Firing Schedule A of the
Appendix and three were subsequently fired along with billets cut

from a MgO - 5 w/o CaO fusion to 2200 - 2400°C in an induction
heated carbon furnace to improve alloy homogeniety. This latter
treatment gave the specimen surfaces a black appearance from carbon
contamination, even though they were placed on MgO crystals. The
fused ingot billets were machined after this latter firing and were found
to be blackened o a depth of only 0.1" or less.

Several blanks for 1.5" diameter billets were cut from the MgO - 2 w/o
ZrO9 fused Ingot. Two of these were machined to size, one after firing
to about 2300°C. The carbon penetration in the latter was about

0.1" as with the MgO - 5 w/o CaO.

Poriions of this ingot were crushed and milled for five days in a rubber
lined mill. This powder was then used to make billets to eliminate the
substantial gross porosity and to reduce the grain size from that of the
fused Ingot. Vacuum hot pressing two billets at 1620°C for 5 minutes
in graphite dies with pressure belng applied ai about 925°C and reaching
5000 pst at about 1200°C, resulted in poroslties of approximately 1.5% -
substantially below that of the fused ingot. Graln size was about 25
microns after firing these billets to 1565°C in five days, as compared
with grain sizes ranging from about 100 microns to over 1000 microns

" in the fused ingot. Lowering the hot pressing temperature to about
1510°C for a third billet increased the porosity to about 10%. However,
10% porosity appears to be abnormally high since previous fabrication
of 0.25% thick disks of the same composition has resulted in porosity
increasing from less than 1% to less than 2% on lowering the hot pressing
temperature from 1620°C to 1565°C,

*All future alloys will be formulated on the basis of 100 parts total (e.g. 96% MgO -
4% CaO). Previously fabricated compositions based on 100 parts base materlal {e.g.
100 parts MgO - 4 Parts CaO) will not be distinguished since the small difference s
not significant at this stage of alloy development.



Fisher MgO was mechanically mixed with colloidal ZrO, and hot pressed
in graphite dies per vacuum hot pressing Procedure B. This billet had
a porosity of less than 1%.

c. MgO-NIO

Six MgO - 2 w/o NIO were fabricated in graphite dies per vacuum hot
pressing Procedure B of the Appendix except that vacuum was not used 1)
because it apparently Increases reduction of the NiO as previously noted" /.
These specimens were fired with resulting densities as shown in Table I.

d. MgO-AlyO,

Ten MgO - 1 w/o A|203 billets hot pressed in graphite dies per vacuum
hot pressing Procedure A of the Appendix have been fired with resultant
densities as indicated in Table I.

3. Zr02

Samples of a partially stabilized (2.9% CaO) zirconla , Zircoa C*, were
obtained and found to have 2.5% or less porosity. Billets have been
ordered to accompany MgO or CaO and CeO7 billets for a preliminary
evaluation of ZrOy extrudabllity.

4, Ce02

Preliminary investigation of techniques to fabricate CeO5 billets were
undertaken using Lindsay** 99.9+% pure, reagent grade*** CeO», and

a mixture of rare earth oxides (Lindsay, Code 3302 3oniolnlng about

48% CeO9 and stabilized In the fluorite structure 5), Compaction

curves were run on these materials In graphite dies as sketched in Figure 1.
Experience with MgO has shown best results by applying pressure In the
reglon of rapld compaction (about 675°C with LIF and 900°C without

LiF). In the first pressing, Figure 1A, the rare earth mixture changed

from a dark cinnamon brown to a light yellow with an apnarently metallic
surface. Upon subsequent air firing to 1565°C, the specimen crumbled

to a powder like the starting material indicating complete reduction during
hot oressing. The specimen pressed per Figure 1B showed substantially
lower, but still detrimental reduction. Reagent CeQ., pressed per Figure 1C
was changed from a light pink color to black and delaminated In fine fragments

*Product of Zirconlum Corporation of America
**Product of Lindsay Rare Earth Chemical
***Product of G. Frederlick Smith Chemical Company



upon hot pressing. Reducing the pressing temperature to about 1000°C, 3500
psi pressure applled at about 800°C for the reagent CeO5 resulted in a solid
specimen of dark gray color. Upon flring to 1565°C, the specimen cracked
and changed to a cinnamon brown. Use of a Hastalloy B die at approximately
the same conditions resulted In a pink to light brown (especlally near the
surface) specimen. Because of thermal expansion differences, this specimen
was ejected from the die in the graphite susceptor heated furnace, probably
resulting In some reaction. Firing of thils specimen to 1565°C increased the
density from 6.4 gm/cc to 6.5 gm/cc, turned it brown, but did not show the
distinct cracking of lts companlon specimen hot pressed in graphite.

Two specimens of CeO, and two of the rare earth mixture were cold
pressed and fired to 1565°C. The CeO2 was a light nink color, and

the rare earth mixture was black. After firing to 1680°C, which did

not appear to make any substantial changes, these specimens had densities
of about 6.3 gm/cc (theoretical denslty Is about 7.3 gm/cc).

B. EXTRUSION

Extrusions were performed by Nuclear Metals, Incorporated, Concord,
Massachusetts. Selection and analysis of extruslons are made jointly by
Boeing and Nuclear Metals.

1. Catch Tube

A catch tube without vacuum capabilities was designed to receive and
control the cooling rate of the extruston. It is felt that slower cooling
between 2000° and ' 300°C may substantially reduce or eliminate cracking.
Initially, MgO powder Insulation was used; however, a trial extruslon with
a molybdenum alloy (TZM) billet resulted In a tube belng pulled away from
the press. Carbon felt insulation was then evaluated, but this was dislogded
by a bare extruded billet. Graphite sections have now been prepared for
trial as insulation In the tube.

2. Bare Extrusion

It was decided that a metal nose conslsting of molybdenum alloy (TZM)
would aid initiation of extrusion of the large uncanned MgO billets

and that a copper cylinder on the tail of the MgO would allow

complete extrusion of the billet. A wrapping of 5 mil tantalum foil

was used to prevent a carbon-molybdenum eutectic and to hold the nose,
billet and cut-off together. Some radiation shielding to limit cooling
during transfer between the carbon heated furnace and the extrusion press
is also obtalned.



A trial with a TZM dummy In place of the MgO revealed the need for better
alignment of the press loading chute to allow better transfer of the billet
from the heating furnaces. This was corrected and a graphite sleeve with
0.1" thick walls was added to improve lubrication. A second composite
billet with @ TZM dummy and this modification was again heated to 4000°F
(2200°C) and a completely successful extrusion was achieved.

These techniques were then applied to MgO, except a TZM tall was used,
and a layer of molybdenum foll* was placed between the tantalum and

MgO to prevent possible reaction. This billet was temporarily stalled In
the loading chute as was the first dummy above. By the time it was
successfully loaded In the press substantlal cooling had occurred, much

of the MgO fell away as the ram pushed it In the press liner, and the
remalnder of the billet stalled in extrusion. A second billet was prepared
with two layers of molybdenum foil to provide greater strength and

prevent partial separation of the components observed In the previous
extrusion attempt.  This composite billet also became temporarily

lodged In the loading chute, but was then successfully loaded In the

press liner. This extrusion also stalled, apparently due to excessive

cooling durlng the delayed loading and to a forward displacement of the
thin wall graphite sleeve that was used for lubrication as described above.
However, some back extrusion of the MgO blllet around the ram, apparently
due to the forward displacement of the graphite sleeve, indicated encourag-
ing plastlcity.

The loading chute alignment and lubrication were again improved and
checked by the successful loading of another TZM dummy. Another
composite billet consisting of a TZM nose and tall and a 3.0" dlameter
MgO billet also held together by two layers of 5 mil molybdenum folil
and one of tantalum were heated to 4000°F (2200°C). This was success~
fully loaded in the press liner with the 0.1 thick wall graphite lubri-
cating sleeve and was successfully extruded. However, pressure gauges
showed that the MgO extruded with varylng pressure in contrast to the
smoothly extruding TZM nose and tail, indicating fragmentation of the
MgO during extrusion. Inspection of the extruded material (which had
dislodged the carbon felt In the catch tube) verified the fragmentation of
the MgO.

3. Canned Extrusions
Dellvery of necessary tungsten cans took over a month longer than normal

and correspondingly delayed further canned extrusions. ‘However, the
cans were recently received, machined, loaded, and welded closed

*Due to the use of the foll and the lubricating graphite sleeve, these are not true
"bare" extrusions and are better termed uncanned extrusions.



and three extrusions have just been successfully completed.

C. MATERIAL ANALYSIS

]O

Analysis of Preferred Orientation

A(200)pole figure previously obtained(3) for MgO extruded at approximately
2150°C s shown In Figure 2. The Q00)pole figure for @ CaO billet (No. &)
extruded at 2000°C {s shown In Figure 3. The two pole figures are qulte
similar, as expected, especlally when It Is noted that:

a. Symmetry of the horlzontal central bands depends on how close the
longltudinal section Is to belng parallel to the extrusion axis.

b. Unlformlty of the bands depends on how close the longitudinal section
Is to the extrusion axis.

c. Effort to obtain close tolerances for proximity and parallelness to
the extrusion axis was not deemed warranted.

. With the pole figure of a base materlal such as MgO as a reference the

angular varlatiors of the Intensity of the selected crystallographic plane
relatlve to the extrusion axis are then compared for further extrusions of
that material or its alloys. This is shown in Figure 4A and B for MgO
bodies extruded to date and for MgO - 2 w/o NIO and MgO - 1 w/o
AlyO, In Figure 4C and D. A shift of the peak maximum from zero Is

due pr?marlly to variations of the transverse section from prependicularity
with the extrusion axis either due to some bending of the extrusion, or
Inaccuracy in the cutting of a perfect transverse sectlion and also possibly
due to asymmetrical cracking. The asymmetry of the fused MgO extrusion
Is belteved to be due to the mixed graln structure before and ofter
extrusion{!), Some asymmetry is probably carrled over from the large
columnar gralns of the original fused ingot. The hump and asymmetry of
the MgO - 1 w/o AlyO3 curve is belleved due to asymmetrical longitudinal
cracking found in this transverse section. Comparison of the orientation

of two extruslons must take into account the relatlve grain sizes and
extrusion reduction ratios, as well as the above factors. Evaluation of

all of these factors indicates that the MgO - 1 w/o Al2O3 has substantially
higher orlentation, and MgO - 2 w/o N1O somewhat higher orientation
than similarly extruded polycrystalline MgO.

The X-ray data also showed a decrease In lattice parameter from 2.0]9/&
to about 2,0832 for the MgO - 2 w/o NIO extrusion, indicating solid
solution.
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Alloy Analysls

Electron probe analysls showed general dispemion . of the N1O in the
MgO-2w/o NIO extrusion, in agreement with the above X-ray data
showing general solld solution.

As previously reporfed(4) , the MgO-5w/0 CaO fuslon consisted mostly
of equlaxed grains averaging about 1 mm In dlameter with a radlal
sectlon of columnar grains about 4 mm long by about 1 mm In diameter.
One to two per cent CaO was dissolved in the MgO rich gralns which
contained a few large precipitates of a CaO phase with 1-2% MgO

In solid solution. This latter phase also surrounded all grains and only
began to dissolve at temperatures above 2000°C, disappearing last
from the triple lines. This is indicated In Figure 5A. Examination
showed that extrusion In general reduced both the width and continulty
of this CaO rich phase and that preciplitation occurred along part of
some of the new graln boundaries formed. This Is shown in Figure 5B,
where a remnant outline of one columnar graln Is also seen.

The fused CaO - 14 w/o MgO Ingot conslsted of grains 50 to 200 microns

- In diameter. The ingot was generally characterized by three regions: 1)

MgO rich grains with a CaO rich phase surrounding them and forming
some precipitates In them, 2) CaO rich grains with a MgO rich phase
surrounding them and forming some precipitates In them, and 3) an
eutectic-type structure 4), Examples of the first two regions are shown

in Figure 6A and B, respectively in a sample briefly heated to about
2100°C (to duplicate extrusion heating), which did not change the structure.
No significant changes In alloy distribution were observed on extrusion as
shown In Figure 6C and D. However, Figure 6C and D suggest a possible
orientation of the alloy structure. Figure 7 reveals the phases by

surface rellef. This shows much the same effect; however, since these
photos are not completely typical, they probably give an Indication of
greater orlentation than the average.

Recrystallization

Closer examination of CaO billet number 8(]) after extrusion indlcated
some highly elongated gralns as shown In Figure 8. (The general
intergranuiar fracturing and the somewhat iarger grain size seen In
Flgure 8 are In agreement with prevlous observations of crackin& 5'1
extruded CaO and of a secondary effect of starting grain size.)

This indicates that substantial grain elongation occurs during extrusion
and that this Is generally lost, at least In unalloyed bodles due to
partial recrystallization.

i0



As shown pfevlously(]) and seen In Flgure 9A the extruded CaO Is quite
nonequlaxlal In graln structure Indicating only partlal recrystallization
and In ogreement with other hot extrusion analysis.(3) However,

as shown In Figure 9B and C,no change Is noted In flring to 1100°C or
1370*C. This Is In contrast to data showing that hot extruded MgO
recrystalllzed between 1050°C and 1200°C, especlally when It Is
recalled that CaO would be expected to recrystallize at a lower
temperature than MgO because of Its lower melting temperature.

11



DISCUSSION AND CONCLUSIONS

Fabrication of MgO billets without LIF per vacuum hot pressing Precedure B of the
Appendix will now be the primary fabrication technlque because:

1. Densitles -almost, If not as high as, those achleved with LIF can be
obtalned.

2. It Is a faster and cheaper method due to the elimination of mixing, milling
and drying required with LIF.

3. It eliminates any question of resldual fluorides.

4., Comparable or greater strengths than achleved with LIF have been achleved in
other studles at Boelng

Fisher MgO has been selected as the best materlal for thls process because 1t showed
less blistering and Indlcated a lower Impurlty content In billet fabrlcation. Thls Is
In agreement with earller studles on thin specimens at Boelng, where Fisher MgO
also ylelded lower porosities than the Mallinckrodt MgO.

Firing to 1565°C per flring Schedule A of the Appendix has been made the baslc
flring procedure because It: '

1. Reduces contamlnates In MgO billets made without LIF.

2, Reduces fluorlde contaminates left from the use of LIF as shown In other studies
at Boelng.

3. Improves alloy distribution,

4, Reoxidizes NIO In alloy bodles as Indicated by color changes.(])

Increasing the pressing temperature to 1900°C made large Improvements In the
densities of 3.0" diameter billets, though some reaction with and bonding to the
dle was encountered. This bonding can probably be reduced or eliminated by
the use of graphite cloth. Use of finer graln may yleld further density Increases
without substantial Increase In the voiume of powder required.

Hot pressing CeO2 at temperatures as low at 1000°C apparently results In substantlal
reduction of the materlal, probably toCe2O3. Since there Is apparently extenslve

reduction of the plnk CeO2 on hot pressing, especlally in graphite dies and Ce,O4
Is gray to green In color, It Is suggested that the brown color after firing to ]5&'C
Is due to a mixture of CepO4 and CeO,. Thls would mean that rather Incomplete

12



reoxidation occurs In air at that temperature. The improvement in the CeO, hot
oressed In the Hastalloy B die heated by a graphite susceptor Indicates that hot
nressing in thls die in an oxldizing atmosphere may be successful . The preliminary
cold pressing trials Indicate that Isostatic pressing and flring may also produce
good billets.

Canned extrusfon has been selected as the primary extrusion method for the
remalnder of thls program because:

1. Further development of uncanned technlques Is required.

2, Greater fabrication problems and costs combined with lower quality for the
larger blllets would not allow the scope of Investigation that may be conducted
with smaller billets used In canned extruslon at thls stage of development.

3. The present stage of development indicates It would be difficult, If not
impossible to make tandem extrusions of several uncanned ceramlc billets.

The back extrusion of MgO, and the final successful uncanned extruslon, though
with extensive fragmentation, indicates that further development would be
successful . Such development would be valuable In understanding extrusion
behavlor, would probably make reductions In overall extrusion costs and allow

a greater volume of extruded materlal, Further uncanned extruslons

will be attempted as Is found feasible.

Analysls shows substantlal Interaction between alloying and extrusion in the favorable
redistribution of alloy agents observed in MgO-5w/0 CaO and indicated In
CaO-14w/o NiO.

Recrvstallization during cooling from extrusion Is indicated In CaO, as would be
expected for any extrusion, at least without alloying effects. However, this
partlal recrystallizatlon can result In a finer than starting graln s\ze(” and
apparently does not reduce the orientation effects of extrusion.\”’ The lack of
further recrystallization upon annealing of extruded CaO with nonequlaxed
grains is, however, as yet unexplained.

13



WORK IN PROGRESS AND PLANNED

CeO9 blllets will be fabricated probably by isostatic pressing. These will be combined
with the ordered ZrO; billets In future extrusions of CaO or MgO.

At |east one more uncanned extrusion experiment will be performed. Further develop-

ment of thls technlque will be consldered, possibly using fused billets If sultably
large Ingots canbe obtained.

Further canned extruslons will be Inltiated as soon as the latest serfes of extruslons
can be surveyed for selection of parameters. Evaluation of extrusion and alloy
effects will be performed on these extruslons.

Errata: Flgures 6 and 7, but not the captlons, were Interchanged In the last reporf.(])

14
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FROM EXTRUSION AXIS FOR THE NOTED INTENSITY
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EXTRUSION DIRECTION —p»

FIGURE 5 MgO-5 W/O CaO FUSION, PROBE ELECTRON BACK SCATTER ANALYSIS:
BRIGHT WHITE-CaO RICH, GRAY-MgO RICH, BLACK, VOID, CRACK, OR GRAIN
PULL-OUT, (A) TYPICAL CaO AND MgO DISTRIBUTION AS FIRED TO ABOUT 2200°C
BEFORE EXTRUSION, (B) AFTER EXTRUSION
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—b‘ 45#“— EXTRUSION DIRECTION ——‘ HP"<~
N

FIG. 6 ELECTRON PROBE ANALYSIS OF FUSED CaO- 14 w/o MgO
BRIGHT WHITE - CaO RICH, GRAY TO BLACK - MgO RICH. (A) AND
(B) SAMPLE QUENCHED FROM 2100°C. (C) AND (D) AFTER EXTRUSION
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201

FIG.7 FUSED CaO-14 w/o MgO AFTER EXTRUSION, (A) TRANSVERSE
SECTION. (B) AND (C) LONGITUDINAL SECTION. NOTE ARROW
INDICATING PROBABLE EUTECTIC STRUCTURE
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EXTRUSION DIRECTION >

nile

FIGURE 8 CaO BILLET NO, 8, AS EXTRUDED LONGITUDINAL SECTION, NOTE
ARROWS INDICATING ELONGATED GRAINS,
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EXTRUSION DIRECTION

FIGURE 9 CaO BILLET NO. 9, LONGITUDINAL SECTION, A, AS EXTRUDED,
B. FIRED TO 1100°C (2010°F) FOR 1 HOUR, C. FIRED TO 1370°C (2500°F) FOR ¥ HOUR

25




L L 2 L

) <t <
RIBARIEG
MHOOMOMOHOMOMMHmOMO®M

L d
OO MmOHOMm

N v WV
L]

B‘ON"‘OO’)

R B

£
€
'€

V4

wn

_uu\Em Kjsusq

(40068Z)DeG951 % V¥

»

(40058Z)De59S 1 O4 ¥
(405Z52)D008EL ©4 V
(4000VZ)DeSLEL O V
(405252)D608E1L ©4 V
(4600¥7)DeS1EL O ¥

s|npeyds Bup|d

g inped0ly
Bujsseiy jo4
WNNDDA 194

v G..DWOOO.-&

Bu|ssely joi
WNNODA 184

uojsny

uojipo g4

NOILvONavd 137118

OBw teysiy

OBw 4ponpouj|jow

OBw
iporyauj|jony

oBw

uojjjsoduior)

I 379Vl

(81-1-W
Ll-1-W
ol-1-W
Sl-l-W
yl=1=W
LEL=1-W
(Z1=1-W
dU-1-W

ol-1-W
[ 6~L-W

4

v, -

8- L-W
L=I-W
9= 1-W

G- 1-W
1 1w
€-1-W
Z-1-W
[ 1=1-W

G-4-W
J y=1-W
E-3-W

\

15quinNy 19|19

26



gSr°e

ev°'e

££°€

[ 2 .

B23IRRA
MNMMMmOHOONHO™M

—uu\Ea Ay suaq

D000€Z °*x4ddy o} peij4

|

Nc.ommsu,mom_ o}y

(400688Z)DeS9S1 ©4 V¥

(460682)D05951 ©4 ¥
(405Z5Z)D008€E1 ©4 ¥
(405262)D008€E1 % V¥
(400582)D0S951 ©4 ¥
(4060682)D0G9G1 04 ¥

(4000¥Z)DeS1EL O V¥
(40SZ52)D008EL ©4 ¥
(4000VZ)DeSIEL ©4 ¥

a|npayas buli|4

uojsng

g.9inpedoiy
Bujsseiy joH

WNNODA 184

uojsng

Pesn ioN

wnnopp 4doox3y 'y
8inpesadd Bu|ssely
JOH WNNODA

v 8inpedaiy
Bujsseiq joH
WNNODA 184

uojioojiqr4

(A3INNILNOD)

£

OPD o/m¢G - OBW

OpPD o/my - OBW

O!IN o/M0] ~ OBW

OINo/M 7 - OBw

ollv o/m | - OBW

uojijsodwor

1 378vl

\

ﬁ

E-1-06W
Z-1-06W

y=-1-OFW
E-1-O¥YW
-1-OvW
L=1=-JO¥YW

1-1-NOIW

8-1-NZW
L= 1-NIW
9-1-NZIW
G- 1-NIW
y=-1-NTW
E-1-NIW
- 1-NZW
I-1-NZwW

[ LI-1-VIW

ol-L-VIW
6~1-VIW
8-1-VIW
L~1-VIW
9-1-VIW
G-1-VIW
y-1-VIW
E-1-VIW
-1-VIW

Jaqunp] .—0_ — 19

27



°a.nB)4 sjy4 u] pside|ye. jou sasod aopyins om:.ﬁm
*Bujyy |puUly 1944D 81D SB|SUR] ° Do 00EZ A|24puW|x01ddp of paiyy x:cm:woun:mw
°03 /wb |°F s) 10149 £}isusp _cc_EoZ_

: ﬁ
97°¢ G-1-ZZW
9c° ¢ ix8] u] peqjiaseq p=1-ZZW
65°¢ S0 passeld JoH ZOIZ o/m Z-OBW § €-1-ZZW

(460552)20595 1 4 V N RAlrAA)]
D600€Z 4 P14 uojsny | 1-1-ZZW
_uu\Em1 Aj1susq 8|npeyds Buj|g uoj4od jqp4 uoiyisodwor) Jaqunp 49||ig

(QGINNILNOD) 1318Vl

28



APPENDIX
CALCINING PROCEDURE A

Powder is loaded in 99% pure MgO eruclbles approximately 3" In diameter by 4"
high with 0,1" wall thickness by using the crucible to scoop powder from the
contalner.

The crucibles are placed in a metal retort with half of them inverted on top
of the remainder. The top crucibles are slotted on the side near thelr base
to allow ready gas escape and good flushing while acting as lids to prevent
excess spillage of powder, and possible contamination from the retort metal

lid.
A thin metal lid Is welded on the retort to seal it.

Lines are attached to fittings to introduce argon at the bottom in front, and
a vacuum system to the top of the retort in the back.

The retort Is loaded in the furnace and the vacuum and argon valves are set
to establish an argon flush at about 10" absolute pressure.

The retort Is heated at a linear rate to reach 600°C (1110°F) tn approximately
5.5 hours. Temperatures are measured by a thermocouple near the center of
the retort.

After 1 hour at 600°C, the retort Is cooled in approximately 1.5 hours,
Inltially In the furmace, then out of the furnace.

When the retort is less than 100°C the vacuum valve is closed, when
the retort Is near atmosphere pressure, the argon valve Is closed, and the
retort Is flooded with benzene through a third fitting.

The thin retort l1d is then removed and the powder, covered with benzene,
is transferred to jars which are closed for storage.
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APPENDIX
BILLET VACUUM HOT PRESSING PROCEDURE A (WITH LIF)

Two welght per cent reagent grade LIF Is added to the ceramlc powder by milling
for 2 hours In an organic fluld, normally benzene.

The milled slurry Is drled, screened through a number 28 screen, and stored In
sealed jars. The tlme of storage In sealed jars Is normally less than one week
prior to complete usage of the powder.

Powder Is loaded in the die by cold pressing at 1000-2000 pst. Pyrolytic

graphlte spacers are placed between the rams and the powder when graphite
dies are used.

The die is placed In the vacuum hot press which Is pumped down to a chamber
pressure of 1074 - 10™5 Torr In about 1 hour,

After at least 4 hours at 1074 - 10~ Torr, the dle Is heated at an approximately
linear rate to 650°C (1200°F) in about 0.5 hours. Temperatures are measured
by a thermocouple In the die wall approximately 0.75" from the Inside die
surface and about 1" above the specimen.

Between 650°C and 700°C the ram pressure Is bullt up to approximately
3500 psl.

Heating,while malntalning thls ram pressure, Is contlnued at a slightly slower
rate untll a temperature of 980°C (1800°F) Is reached aofter a total heating
time of 50 to 60 minutes.

Pressing condltions of 980°C and 3500 psl are held for 15 minutes with vacuum
chamber pressure averaging 2 to 4 x 10~3 Torr,

The heating power Is shut off and the ram pressure released over a
period of about 1 minute.

The die Is removed from the vacuum hot press after 2 to 4 hours of cooling.

The specimen Is ejected from the dle at temperatures of 400°C or less,
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APPENDIX
BILLET VACUUM HOT PRESSING PROCEDURE B (WITHOUT LIF)

Powder Is directly loaded Into the die from sealed bottles, without any prior
milling unless mllling was previously used to mlx alloy agents. Pyrolytlc
graphite spacers are used between the rams and the specimen when graphite
dles are used.

The powder Is cold pressed at 1000-2000 ps!.

The die Is placed In the vacuum hot press which Is pumped down to a
chamber pressure of 10~4 to 10~5 Torr In about one hour.

After at least 6 hours at 104 - 10-5 Torr the dle Is heated to 900°C (1650°F)
in about 30 minutes. Temperatures are measured by a thermocouple located
in the dle wall about 0.75" from the inslde dle surface and about 1" above
the specimen.

Starting at 200°C the ram pressure Is bullt up to 5000 psl over a perlod of
about 2 minutes.

A temperature of 1205°C (2200°F) is then reached In about 20 minutes, while
maintaining the ram pressure ot 5000 psi.

Pressing condltlons of 1205°C and 5000 psi are held for 15 minutes with
vacuum chamber pressure averaging about 1072 Tarr.

The inductlon haating power is shut off and the ram pressure released
over a perlod of about 1 minute.

The die Is removed from the vacuum hot press after cooling for two to four
hours.

The specimen Is ejected from the die at a temperature of 400°C or less.
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